Simulation of Transient Discharge Current from an Experimental Space Charge Distribution  by Saidi, M. et al.
Available online at www.sciencedirect.com
Physics Procedia 00 (2008) 000–000
www.elsevier.com/locate/XXX
Proceedings of the JMSM 2008 Conference
Simulation of Transient Discharge Current from an Experimental
Space Charge Distribution
M. Saidi*, N. Saidi-Amroun, S. Berdous, M. Abdellaoui
Material Physics Laboratory, Physics Faculty, University of Science and Technology (USTHB)
BP 32 El-Alia, Bab-Ezzouar, Algiers 16111, ALGERIA
Elsevier use only: Received date here; revised date here; accepted date here
Abstract
Numerical simulation of transient discharge current passes along polyethylene naphthalate film was carried out from an
experimental space charge distribution, obtained after charging process. This model showed good agreement with experimental
current and allowed us to calculate space charge distribution and internal field.
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1. Introduction
Time changes of current characteristics of polymers show various profiles depending on samples and
experimental conditions. The conduction phenomena of polymers have often been studied on the basis of the
properties of charge carriers: i.e., carrier species, carrier mobility, injection properties etc [1]. In fact, the space
charge role is essential in the study of insulators under external stress such as temperature and applied field, due to
the degradation and aging process produced by them.
It is generally observed that the charging current flowing through a polymer film by application of a step voltage
decays with time until a steady state is achieved, and follows approximately the empirical law, Ich(t)  t-l, where l is a
constant characteristic of the material, often observed to be close to unity, this is the well-known Curie-Von
Schweidler relationship (referred to later as the Curie law, for simplicity). A reverse transient discharging current is
also observed after the removal of the field and obeys the Curie law t-n where n is similar to l. There are numerous
interpretations of these currents in the literature. However, the most important mechanisms that have been proposed
are dipolar relaxation (with distribution of relaxation times), charge injection forming trapped space charge,
tunnelling, hopping of charge carriers, or electrode polarization [2-7].
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The discharging process was numerically simulated using, at the initial time of depolarization, an experimental
distribution of space charge obtained after charging course [8]. The model consist of two kinds of carrier (electron
and hole) which correlate with each other through the electric Field F(x,t). The simulation showed Jdischarge-t
characteristic and various profiles of space charge and internal field depending on parameters such as carrier
mobility  and depolarization time td.
2. Fundamental Equations
When a high field is applied to a polyethylene naphthalate (PEN) film, electron and holes are injected from the
anode (x=0) and from the cathode (x=d=25x10-6m), respectively. After the equilibrium of their space charge
distribution is established, both electrodes are short-circuited at t=0. Electrons and holes are driven by the internal
filed due to their own space charges, and the electron, hole and field distributions change with time, inducing an
external current.
Neglecting electron-hole recombination, the continuity equations for electrons and holes are
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where the electron current Je(x,t) and hole current Jh(x,t) are
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In these equations, n(x,t) and p(x,t) are the electron and hole concentration, q is the electronic charge, μ is the carrier
mobility, D the carrier diffusion coefficient, and F(x,t) the local internal field. The subscripts e and h represent the
electron and hole components respectively. The mobility and the diffusion are related by the Einstein relationship,
q
kTD μ= , where k is the Boltzmann constant and T is the absolute temperature. The total current is given by
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Poisson’s equation is
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Where  is the dielectric constant of polyethylene naphthalate ( = x10-11 F/m). Since the short-circuit condition is
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The external (total) current ( )tJt is given by
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To obtain the transient discharge currents, the above equations were solved numerically by an explicit difference
method under ohmic boundary conditions, using a computer. The specimen was uniformly divided along its length
into a number of meshes m (usually 100).
3. Experimental Results
Several experimental techniques can meet the demand to improve a study of the evolution of space charge
profiles. Among them FLIMM [9] (Focused Laser Intensity Modulation Method) is a promising technique and has a
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great advantage: it can give a space charges profiles inside organic insulating samples. It is derived from the well-
known LIMM [10] method, with an additional possibility of being to focus the laser spot on the surface of the
sample to be studied. This technique was carried out by Chavez et al. [8], to get the in-depth localization of charges
within 25x10-6m semicrystalline PEN film, where the profile is illustrated.
4. Calculation Results and Discussion
Under the ohmic contact condition, the internal field drives the carriers away from the bulk towards the
electrodes without any limitations. It is reasonable to assume that the injected carriers decrease with distance from
source to sink, though the initial distributions of holes and electrons are unknown. From Figure1, we assume that
they are given by the following equations:
( ) ( ) ( )DxexpCxsinBA0,xn −−−= (9)
( ) ( ) ( )( )( )xdDexpxdCsinBA0,xp −−−+= (10)
where A, B and C are the initial constants
Figure 1 shows the discharge transient currents calculated numerically at temperature T=373K, employing the
values μe= μh=10-14 m².V-1.s-1and m=100. These calculated results is similar to the experimental results[11, 12]
where the current decreases monotonously with time over several orders of magnitude following the Curie law, until
reached the zero after long time of depolarization.
Fig 1: Discharge transient current calculated under ohmic condition for μe= μh=10-14 m².V-1.s-1, m=100
To understand the mechanism of the discharge current, it is necessary to determine the temporal changes of the
charge and field distributions. Figure 2 and 4 show the changes in total charge, electron and hole charge component,
distributions and the change in the field distribution, respectively, for μe= μh=10 m².V-1.s-1 .
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Fig 2: Temporal changes of : (a) electron distribution , (b) total charge distribution under ohmic condition
μe= μh=10-14 m².V-1.s-1
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Fig 3: Temporal changes of field distribution under ohmic condition μe= μh=10-14 m².V-1.s-1
At the initial instant and at the interfaces, the space charge is important. This charge enters in the insulator’s bulk
in anticipation of disappearance at long period. Also, at t = 0, the charge distributions induces six zero-field points,
as shown in Figure 3. The integral of the electric field must always be zero under the short-circuited condition, as
indicated by eq. (4). This means that the integral of the positive field is equal to that of the negative field, regardless
of the decrease in the internal field and the movement of the zero-field point. The electrons and holes in the positive
and negative field regions contribute to the total external current.
5. Conclusion
The discharge transient current was computer-analyzed numerically by an experimental space charge distribution.
The current was attributed to the large amount of two types of injected space charge (electron and hole) with ohmic
electrodes; the model allows us to simulate the distribution and evolution of the space charge inside the sample.
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